Purpose. It has been hypothesized that central and peripheral refraction, in eyes treated with myopic overnight orthokeratology, might vary with changes in pupil diameter. The aim of this work was to evaluate the axial and peripheral refraction and optical quality after orthokeratology, using ray tracing software for different pupil sizes. Methods. Zemax-EE was used to generate a series of 29 semi-customized model eyes based on the corneal topography changes from 29 patients who had undergone myopic orthokeratology. Wavefront refraction in the central 80 degrees of the visual field was calculated using three different quality metrics criteria: Paraxial curvature matching, minimum root mean square error (minRMS), and the Through Focus Visual Strehl of the Modulation Transfer Function (VSMTF), for 3-and 6-mm pupil diameters. Results. The three metrics predicted significantly different values for foveal and peripheral refractions. Compared with the Paraxial criteria, the other two metrics predicted more myopic refractions on-and off-axis. Interestingly, the VSMTF predicts only a marginal myopic shift in the axial refraction as the pupil changes from 3 to 6 mm. For peripheral refraction, minRMS and VSMTF metric criteria predicted a higher exposure to peripheral defocus as the pupil increases from 3 to 6 mm. Conclusions. The results suggest that the supposed effect of myopic control produced by ortho-k treatments might be dependent on pupil size. Although the foveal refractive error does not seem to change appreciably with the increase in pupil diameter (VSMTF criteria), the high levels of positive spherical aberration will lead to a degradation of lower spatial frequencies, that is more significant under low illumination levels. (Optom Vis Sci 2016;93:00Y00) Key Words: pupil size, peripheral refraction, wavefront refraction, orthokeratology, visual metrics O rthokeratology (ortho-k) changes the ocular refraction by the programmed application of reverse geometry rigid gas-permeable contact lenses. To correct myopia, the central cornea is flattened to induce a reversible change on the epithelial thickness profile. The central epithelial layer thins and the front surface corneal power decreases over the central 4 to 5 mm central zone. The paracentral zone (transition zone) of 1.5 to 2.0 mm surrounding the central zone increases in curvature, in a direct relationship with the amount of central flattening needed to correct the myopic refractive error.
O rthokeratology (ortho-k) changes the ocular refraction by the programmed application of reverse geometry rigid gas-permeable contact lenses. To correct myopia, the central cornea is flattened to induce a reversible change on the epithelial thickness profile. The central epithelial layer thins and the front surface corneal power decreases over the central 4 to 5 mm central zone. The paracentral zone (transition zone) of 1.5 to 2.0 mm surrounding the central zone increases in curvature, in a direct relationship with the amount of central flattening needed to correct the myopic refractive error. 1 With the advent of highly permeable materials, overnight ortho-k has become an effective and safe mode of vision correction for moderate and low myopia and was approved by the United Sates Food and Drug Administration in 2002. 2 Over the last decade, systematic research reports, including randomized and controlled clinical trials, confirmed that ortho-k reduces the rate of axial length increase by 40 to 60% in children when compared with single vision spectacles or contact lenses. 3 Ortho-k is currently one of the most effective optical strategies of myopia control and is at present the modality with the largest volume of accumulated evidence relating to the efficacy to regulate myopia progression in children. 3, 4 Previous research has explored potential predictors of the myopia regulation effect with ortho-k. Cho et al. 5 found a moderate correlation between the treatment target and the regulation effect. In their cohort of ortho-k lens wearers aged from 6 to 10 years, higher myopes had a lower axial elongation over a 2-year period, whereas the opposite was found in a spectacle control group. This result raises the hypothesis that the greater the corneal reshaping effect, the higher the regulation efficacy, probably as a result of greater peripheral myopic defocus. 6, 7 However, these trends have not been confirmed in other similar studies after 2 and 5 years, 8, 9 including a controlled and randomized study. 10 Despite the correlation between treated myopia and peripheral myopic shift of about 1:1 seen in ortho-k eyes, 11 this relationship gets complicated by the significantly different eye shapes and meridional asymmetries seen in myopic eyes. 12, 13 Recently, an association was found 14 between pupil size and myopia control effect in eyes treated with orthokeratology. Larger pupil diameters were associated with higher control effect, hypothetically as a result of a larger retinal area being exposed to the peripheral myopic defocus. This effect might come as a consequence of the peripheral increase in corneal curvature induced by these treatments, and it is expected to vary depending on the area of the cornea flattened by the lens treatment zone. However, larger pupil size might also change the pattern of relative peripheral refraction, either sphere or cylinder, and contribute to the difference in regulation effects found. Thus, the theoretical evaluation of the effect of the pupil size on the effective optical focusing properties of the eye seems to be relevant to improve our understanding of the working principles and efficacy of such treatments.
Most autorefractors used to assess the effect of ortho-k treatment are limited to a measured annular zone of approximately 2.0 to 3.0 mm 15Y17 irrespective of the actual pupil size of the patient. Modern aberrometers normally use two different criteria to estimate refraction from wavefront data. One approach, called Zernike refraction, specifies the vergence of a point source that focuses a ''disk of least confusion'' into the image plane, defined by the retinal layer where the aberrometer's probe beam reflects. The second approach, Paraxial refraction, specifies the vergence of a point source that focuses paraxial rays into the plane of reflection of the aberrometer's probe beam. 18 In the absence of higher-order aberrations, Zernike and Paraxial refractions are identical, but in eyes such as the ones treated with ortho-k, the high levels of positive fourth-order spherical aberration, and other higher orders, 19 ,20 may bias these metrics in different ways. 21 Zernike defocus will tend to yield more myopic refractions as the pupil becomes larger, due to increased contribution of positive spherical aberration. Paraxial refraction, by definition, will not change with pupil diameter if sufficient higher-order terms are used in the calculation. Thus, none of these methods may be robust enough to obtain an unbiased estimation of refraction, 22 especially for large field angles. Considering that all the information regarding refraction and quality of vision in the periphery is derived from instruments optimized to measure axial refraction, we hypothesize that ray-tracing could be used to isolate the contribution of the different optical elements of the eye and bypass some of the encountered limitations in peripheral aberrometry. 23 The present study aims to test the hypothesis that changes in pupil size induce changes in the pattern of axial and peripheral refraction and peripheral optical quality using ray tracing software. To this end, a fundamental aspect is to find the most appropriate metric for estimating the refractive errors from the wavefronts computed in our partially customized eye models.
MATERIALS AND METHODS

Ortho-k Patients and Measurements
Twenty-nine patients (age 24 T 5 years) were fitted with Corneal Refractive Therapy (Paflucon D, Paragon CRT) contact lenses for 9 to 12 months to correct myopia between j1.00 and j5.75D (mean T SD = j3.62 T 1.11D) with refractive astigmatism below 1.50D. Paragon CRT Dual Axis was used in subjects with limbus-to-limbus corneal astigmatism. The initial contact lenses were fitted following the nomograms of adaptation of the corneal refractive therapy manufacturer. If needed, some contact lens parameters were changed to obtain a full correction of the myopic refraction and, at the same time, a well-centered treatment. Trial lenses were derived from sliding table nomograms provided by the manufacturer, which have shown high levels of predictability in terms of first trial success. 24 Fitting was evaluated according to the recommendations of the manufacturer regarding fluorescein pattern, topographical evaluation, and refractive and visual outcomes. Parameters of the corneal refractive therapy lenses were as follows: base curve radius (mean T SD [minimum, maximum]) = 8. All the enrolled subjects were able to achieve logMAR 0.0 visual acuity without any further compensation. Individual data from anterior elevation topography of each patient's left eye was obtained using Medmont E300 corneal topographer (Medmont, Victoria, Australia), with pupil center determined by the topographer as reference. All patients attending the measurement visit were wearing the lenses overnight for at least three consecutive days. Changes in morphology, topography, and optics after orthok can be found in another paper. 25 All procedures were performed according to the Declaration of Helsinki. Approval for the study was obtained from the ethics committee of University of Minho School of Sciences.
Semi-Customized Eye Models
Zemax-EE numerical ray tracing software was used to create a series of 29 semi-customized eye models based on the Navarro eye model. 26 The front surface of the cornea of that initial generic eye model was replaced by the Zernike Standard Sag surface 27 computed from the elevation data of each patient. This surface includes a regular revolution conic surface plus a Zernike polynomial expansion, which accounts for departures of the real surface from the regular basis. 28 The individual data were fitted to a Zernike Standard Surface equation by a least-squares method implemented in Matlab (The MathWorks, Natick, MA). The same internal optics were used in all the semi-customized eye models to isolate the contribution of the ortho-k treatments. The vitreous length of each model eye was optimized for central vision according to the Paraxial focus metric criteria. This was accomplished by minimizing the root mean square (RMS) wavefront error with respect to the centroid, at a visual field of 0 degrees, of Zemax's default merit function, using a small entrance pupil diameter of 0.1 mm.
Wavefront Error
Into-the-eye ray trace was performed along the central 80 degrees of the horizontal field, sampled in 10-degree steps, at a reference wavelength of 555 nm with entrance pupil diameters of 3 and 6 mm. Zemax software can provide wavefront W(x,y) from the optical path differences. Optical path difference is calculated by tracing a bundle of rays passing through a grid of points (x,y) on the exit pupil plane. The effective pupil is a circle on-axis and approximately elliptical off-axis. Zemax also provides a modal representation of the wavefront expressed in terms of standard Zernike polynomials. 27 However, because Zernike aberrations can be derived only for circular pupils, the software stretches the offaxis elliptical pupil along its minor axis into a circular form, by a factor equal to its aspect ratio (minor diameter/major diameter). Using this method, Zernike coefficients were calculated up to sixth order and reported using the Optical Society of America standard. 29 Both representations of the wavefront, raw data (values on a 512 Â 512 samples grid) and modal (Zernike coefficients), were exported to Matlab for further processing.
On-and Off-Axis Refraction from Wavefront Data
The refractive state of the eye can be measured by subjective or objective methods. Although it is unknown which criteria the human eye actually uses for focusing, and as such the ideal optimization method is yet to be determined, several metrics have been used to estimate refraction from wavefront data. 18, 30, 31 When higher-order aberrations are significant, image plane quality metrics such as the Visual Strehl ratio computed in frequency domain (MTF method) (VSMTF) seem to be less biased by the high levels of spherical aberration. 31, 32 This metric takes into account that different frequencies respond differently to defocus and neural sensitivity varies with frequency 33 in accordance to visual channel theory, which establishes that the visual pathway decomposes light in frequency bands. 34 In this work, we calculated foveal and peripheral refraction from wavefront data, obtained by ray tracing, using the following metrics:
Zernike and Paraxial Refraction
For eccentric fields, i.e. elliptical pupils, Zemax stretches the wavefront along the minor axis into a circular pupil to fit the wavefront optical path differences with circular Zernike polynomial. Such stretching affects all the Zernike coefficients. 35 Recently, Zernike-like orthogonal polynomials were proposed for elliptical pupils. 36, 37 Nevertheless, here we were mainly interested in computing the refractive error, so we used the equations provided by Atchison et al. 38 truncated at second order for Zernike refraction and up to sixth order for Paraxial refraction. Because Zemax calculates the approximate shape of the wavefront at the exit pupil as seen from the on-axis chief ray image point, 27 we implemented an improvement that may be important for large field angles due to pupil aberrations: Instead of assuming that the minor axis of the off-axis pupil shortens by a factor equal to the cosine of the field angle (5), we calculated the actual aspect ratio of the wavefront at the exit pupil. For the sake of simplicity, there is no need to alter the original equations. The proper correction can be accomplished by substituting 5 in the original equations by the inverse cosine of the aspect ratio of the exit pupil. Validation of this approach was performed with a Matlab script written to stretch the wavefronts imported from Zemax along their minor axis in to a circular form, fit the optical path differences with Zernike circular polynomials, and compare the obtained coefficients with the ones computed in Zemax. All differences between coefficients were below 0.005 Km, justifying the validity of the approach.
VSMTF Trough Focus Refraction
The other approach used to calculate wavefront refraction was similar to the one previously described by Guirao and Williams. 39 Detailed methodology can be found in the cited paper. The procedure executes a search in a three-dimensional space, finding the values of sphere, cylinder, and axis of the correcting lens that yields the maximum value of a visual quality metric. This was achieved computationally by adding to the computed wavefronts a series of defocused spherical and cylindrical wavefronts that simulate the trial lenses employed during a subjective refraction examination. In summary, this procedure finds the sphericalcylindrical wavefront which, when added to the ocular wavefront obtained by ray tracing, optimizes the eye model retinal image quality accordingly to the VSMTF objective metric criteria:
The quick contrast sensitivity functions (qCSF) curves measured by Rosén et al. 40 at 20 degrees of the nasal and temporal visual fields were used (courtesy of Linda Lundström) to derive the Neural Contrast Sensitivity Functions (CSF N ) for each peripheral location. The qCSFs for 20 degrees nasal and temporal visual fields were M-scaled for the other peripheral locations according to the cortical magnification factor (M) equations provided by Rovamo and Virsu, 41 and applied in Eq. 1 as general population models of the peripheral CSF N .
Astigmatic Off-Axis Refraction
Sphero-cylindrical refractions were converted to spherical equivalent (M), with or against-the-rule astigmatism ( J0 ) and oblique astigmatism ( J45 ), 42 and applied in the following equations to calculate the off-axis tangential (F T ) and sagittal (F S ) power errors, considering clinical refractive notation with negative cylinder:
F S and F T components represent, in this case, the dioptric vergence required to correct the power error in the radial and sagittal meridians along of the horizontal visual field ( J45 = 0). It is worth mentioning that all subjects were treated as stigmatic by removing the on-axis J 0 and J 45 values for all field positions. This way, we isolated the effect of off-axis oblique astigmatism from foveal astigmatism.
All the procedures were repeated for entrance pupils' diameters of 3 and 6 mm. The entrance pupil position and center was interactively calculated by Zemax's robust ray-aiming algorithm.
Matlab
Best Metric Criteria
To establish which metric predicts the best foveal refraction, we computed the image quality for each eye model with 3-and 6-mm pupils. The wavefront error maps of each patient, at nine different visual field angles and two pupil diameters, were exported from Zemax to Matlab as 512 Â 512 matrices. Each wavefront matrix was used to compute the point-spread function, and the optical transfer function, using standard Fourier optics methods. The point-spread functions for 0 degrees of visual field were convolved with an eye chart template to simulate the retinal image.
Two random subsets of 29 images, correspondent to these simulated images optimized according to each of the three quality metrics described above, for 3-and 6-mm pupil diameters, were subjectively evaluated by three well-corrected, experienced observers. The observers were blinded to the metric criteria used and asked to grade with a score between 5 and 0 with terms for general guidance (Excellent, Good, Fair, Poor, Bad) each of the images, presented in a 13-inch computer screen at a 50 cm distance under normal office illumination conditions. Each of the computed images was presented together with a second image of a perfect non-aberrated model eye for reference. A similar procedure has been used recently to grade the image quality generated by multifocal lenses by Rio and Legras. 43 
Statistical Analysis
Statistical analysis was conducted using SPSS v21.0 program (IBM Inc., Chicago, IL). All data are reported as mean and standard deviation unless otherwise stated. Paired t-tests were used to compare the differences between the three metrics (F S , F T , and M refraction components, and the aberration Zernike coefficients for primary horizontal coma and spherical aberration), for 3-and 6-mm pupils, at all field angles. A p value G0.05 was considered statistically significant. Fig. 1 shows the refraction profiles across 80 degrees of visual field along the horizontal meridian for 3-mm and 6-mm pupil diameters, calculated using three different metric criteria. The vitreous length of each eye model was adjusted for emmetropia using the Paraxial metric criteria. As a consequence, the eye models present an ametropic condition for the other two metric criteria, with more myopic axial refractions (j0.47 T 0.28D and j0.69 T 0.42D for the VSMTF and minRMS, respectively, for a 3-mm pupil). As the pupil dilates from 3 to 6 mm, Paraxial metric criteria predicts a hyperopic shift in axial refraction (difference = +0.25 T 0.17D; p G 0.01). The other two metrics predicted myopic shifts in axial refraction as the pupil dilates from 3 to 6 mm, but although the minRMS metric predicts a significant myopic shift in axial refraction (difference = j2.66 T 0.68D; p G 0.001), interestingly, the VSMTF predicts only a marginal myopic shift (difference = j0.03D; p = 0.043), which is consistent with experimental findings. 44 As for peripheral refraction, the three metrics refractive components F S , F T , and M present statistically significant differences between pupil sizes for almost all field angles except for the VSMTF metric F T component at j40 and 40 degrees (p = 0.18 and p = 0.09, respectively), for the Paraxial metric F T component at 20 degrees (p = 0.41) and M component at j20 degrees (p = 0.08). F S , F T , and M refractive components also show a strong significant correlation between 3-and 6-mm pupil diameters (r Q 0.7; p G 0.05 except for the locations mentioned above), for all of the three metrics, with the 6-mm pupil refractive components always being more negative when calculated using the VSMTF and minRMS metric criteria. As expected, the correlation between the refractive components calculated for 3-and 6-mm pupil diameter were higher (r Q 0.97; p G 0.01), except for F S at 10 degrees (r = 0.86; p G 0.01), when the Paraxial criteria was used. In theory, Paraxial refraction should be independent of pupil size. This lack of a perfect correlation, along with a small but significant difference (p G 0.01 for all angles except for M at j20-and F T at 20-) in the peripheral refractive pattern between the two pupil sizes, may be due to the non-inclusion of higher (than sixth) order terms, such as eighth order spherical aberration, in the calculations.
RESULTS
The change in the peripheral refraction pattern, associated to the increase in pupil diameter, is most substantial when using the minRMS than with the VSMTF and Paraxial metrics. The peripheral refractive profile of the minRMS metric seems to reflect the refractive contribution of the more peripheral zones of the cornea as the visual angle increases. There is a clear myopic shift in the most central visual fields (more light is refracted by the more curved transition zone) that decreases for more peripheral angles as the contribution of the flatter peripheral zone of the cornea increases. Curiously, this is the only metric of the three that predicts a decrease in oblique (off-axis) astigmatism as the pupil increases (the shift in F S is greater than the shift in F T , decreasing the interval of Sturm). The previous pattern is less evident when the VSMTF metric is used. This is due to the nature of the peripheral CSF. As the visual field increases, the peripheral CSF gives more emphasis to the lower spatial frequencies of the MTF, which are optimized by a more negative lens. 21 Peripheral refraction M component presents a strong correlation with baseline axial refraction (M baseline ) (0.79 9 r 9 0.60; p G 0.001 at T40-, for the three metric criteria and both pupil sizes). Despite these strong correlations, higher myopes will experience more peripheral defocus for both pupil sizes, thus the shift in peripheral refraction with the increase in pupil diameter will not be dependent of baseline axial refraction (0.05 9 r 9 0.003; p 9 0.5 at T40-, for the three metric criteria and both pupil sizes). Fig. 2 shows the pattern of primary horizontal coma and spherical aberration coefficients for both pupil sizes. The reverse in slope seen in the primary coma near T20-seems to be due to the sudden decrease in power, corresponding to the transition from the more curved paracentral zone to the flatter peripheral zone. It can be seen from the curve that the treatments are slightly asymmetric and slightly decentered to the temporal side. Third-order horizontal coma showed significant differences between the 3-and 6-mm pupil size with the exception of values around zero-crossings. Difference was maximum at j40 degrees of the nasal visual field (1.24 Km; p G 0.001) and lower at the center (0.034 Km, p 9 0.017).
Fourth-order spherical aberration presented statistically significant differences between 3-and 6-mm pupil size for all locations measured (p G 0.001). Difference was maximum at 0 degrees (0.95 Km; p G 0.001) and lower for the T40-degree locations (0.29 and 0.20 Km, respectively; p G 0.001). Spherical aberration for a 6-mm pupil diameter presents values almost four times higher than the ones encountered in untreated eyes. Fig. 3 shows the average rating of the two sets of images graded by the observers to derive a quantitative (though subjective) information on which metric would perform better for foveal vision. According to our observers, there are only small differences in the perceived image quality for a 3-mm pupil, between the minRMS and the VSMTF. The Paraxial metric clearly shows the worst performance. As for a 6-mm pupil, the VSMTF is clearly superior to both Paraxial and minRMS quality metrics. For the larger pupil size, Paraxial metric was graded higher than the minRMS metric, as opposed to the result found with the smaller pupil.
The visual quality degradation (foveal vision) as a result of the increase in higher-order aberrations as a consequence of the increased pupil diameter can be seen in the convolved images of Fig. 4 .
DISCUSSION
With this study, we aimed to verify the hypothesis that central and peripheral refraction, in eyes treated with myopic overnight orthokeratology, might suffer variations with changes in pupil diameter. It has been suggested that, in the presence of primary spherical aberration, conventional measurements of subjective refraction closely match the ones predicted by the Paraxial refraction metric, largely because this is optimal for objects whose spatial frequency spectrum is dominated by high frequencies, such as small letters. 44 Subjective grading of simulated retinal images revealed that, although central refraction does not seem to change appreciably despite the increase in pupil diameter from 3 to 6 mm, refractive errors estimated using the observers preferred metric (VSMTF) tend to be more myopic than the ones predicted by the Paraxial metric for both pupil sizes, and closer to the ones predicted by the minRMS metric for a 3-mm pupil, in concordance with the results of Xu et al. 21 This result seems to be inverted with the increase in pupil size. For a 6-mm pupil, minRMS predicts a large myopic shift that does not seem to correspond to the best image, according to our observer's evaluation. From the example of Fig. 4 , it is also clear that the quality of the image perceived by these patients is highly dependent of pupil size and probably of the Subjective rating of the two sets of simulated retinal images using each of the three metrics presented to three trained observers to rank image quality. minRMS, minimum root mean square error; VSMTF, visual Strehl for the modulation transfer function.
spatial content of the visual task as well. 45 Although the foveal refractive error does not seem to change appreciably with the increase in pupil diameter (VSMTF criteria), the high levels of positive spherical aberration will lead to a degradation of lower spatial frequencies, more significant under low illumination levels. It is expected that in those scenarios patients will benefit of a more negative refraction to enhance lower spatial frequencies. 21 As the field angle increases, the on-axis spherical aberration becomes coma aberration, contributing to the peripheral image degradation. This and other high-order aberrations might interact to decrease image contrast in the periphery. 46 The three metrics predict significantly different peripheral refraction profiles as the pupil diameter increases from 3 to 6 mm. The subjective process used to grade the quality of the simulated foveal images corrected by each metric cannot be used for peripheral vision, but it is clear that in the presence of higher-order aberrations, the VSMTF is clearly superior to the minRMS and Paraxial metric criteria for estimating the refractive correction that maximizes visual acuity based on wavefront aberration measurements. It is then reasonable to expect that for peripheral imagery, where the pupils are nearly elliptical and higher order terms are far more significant than in fovea, visual metrics that take neural factors into account should also yield less biased results than metrics calculated solely based on the Zernike coefficients. That said, the hypothesis suggested by Chen 14 that large pupil diameters could facilitate the effect of ortho-k to slow axial growth because of enhancement of the myopic shift in the peripheral retina seems to agree with the myopic shift observed in the VSMTF peripheral refraction profile when the pupil diameter increases from 3 to 6 mm.
Our previous studies showed that the peripheral eye length for the average myope is shorter in the temporal retina. 13 The ortho-k treatments of our sample have shown a displacement towards the temporal side of the cornea, which is in agreement with previous reports. 47, 48 Thus, for a light beam passing at the same distance from the center of the pupil, incident light from the nasal visual field will follow a shorter optical path towards the temporal retina, compared with the incident light from the temporal visual field. Overall, the more curved cornea and shorter eye length, and the flatter cornea and longer eye length will tend to compensate each other to render a more symmetric peripheral refraction as seen in Fig. 5 . In this case, the VSMTF metric for a 3-mm pupil diameter predicts a relative peripheral refraction profile similar to the profiles derived from measurements with the Grand Seiko open field autorefractor after ortho-k in treatments of the same degree.
11,49Y51 As the pupil diameter increases from 3 to 6 mm, the average peripheral refraction profile calculated from the VSMTF suffers a myopic shift that can be mainly explained by the greater contribution of the paracentral zone of the treated corneas 11 and the lower sensitivity to high frequencies encountered in the peripheral retina. In turn, peripheral refraction measured by the autorefractor will not take any of this changes into account. The working principle of the Grand Seiko autorefractor uses a near infrared 2.3-mm ring-like target to illuminate the test eye and calculates second order refraction based on the size and shape of the rings' reflected image, 52 making this equipment basically insensitive to the increased higher-order aberrations contribution from larger pupil diameters and to irregularities in the wavefront that lie inside the rings' area. 16 In the present work, refraction obtained from the VSMTF criterion is adapted by M-scaling to the continuously decreasing range of frequencies that are relevant with increase visual field angle compared to foveal vision. Although the metrics that would best predict peripheral refraction are not well established yet, we consider that the present approach is the more reliable and robust one as it changes the spectrum of frequencies that should be more relevant to refract the eye, as we depart from the foveal region. A limitation of this study is that our eye models are only partially customized as we do not consider the actual internal optics of each eye. A more complete personalization of the eye models 53 would require more biometric and aberrometric measurements. However, for the purpose of our study, the present approach provides a good comparison framework to evaluate the changes in axial and peripheral refraction induced by corneal reshaping with overnight ortho-k contact lenses. As the ortho-k treatment acts on the anterior corneal surface of the cornea, our results show a clearly myopic peripheral refraction that can be interpreted as the change that the treatment will induce on the whole optics of the eye.
